Preventable medical errors continue to occur despite increased worldwide awareness and resources devoted to improve the safety of health systems. Factors that influence a clinical team's effectiveness include individual team members' performance, safety and quality of medical equipment, organization and structure of each ward, patient population, and the underlying institutional culture [1] . Human factors (ergonomics) is the study of human interactions with tools, devices, and systems with the goal of enhancing safety, efficiency, and user satisfaction [1, 2] .
For many years, several high-hazard industries have recognized the importance of minimizing the risk from human errors [3] . For example, the nuclear sector has led the way in understanding, measuring, and improving human reliability, resulting today in a very safe industry [3, 4] . The adoption of a human factors approach in aviation has improved the design of traffic control, aircraft interiors, and pilot working hours [4] . By contrast, quality and safety initiatives in health services have tended to focus on quantitative measurement and casual explanations of adverse events and incidents, with the primary method being root cause analysis (RCA) [3, 4] . The use of ergonomics in medicine, such as workplace domain analysis, might lead in the future to more adequate process improvements in the delivery of innovative health care, and in particular intensive care medicine [3, 4] . Health care providers and managers must carefully consider the impact of the many ''performance-shaping factors'' that are known to play a role in human errors to understand how best to optimize health care settings.
In this context, Maltese and colleagues are to be commended for investigating the relationship between doctors' cognitive performance during nighttime shift work and the risk of medical errors [5] . Cognitive skills were tested according to the Wechsler adult intelligence scale and the Wisconsin card sorting test showing that four cognitive abilities worsened after a night shift: working memory capacity, speed of processing information, perceptual reasoning, and cognitive flexibility. This work complements an extensive literature showing the adverse effects of sleep deprivation and fatigue on an individual clinician's performance [6] [7] [8] . Sleep loss most acutely degrades performance on tasks requiring vigilance, cognitive skills, verbal processing, and complex problem solving [7] [8] [9] [10] . In the early morning hours, after nearly 24 h without sleep (e.g., at the end of difficult on-call shift), psychomotor performance can be impaired ''to an extent equivalent to or greater than is currently acceptable for alcohol intoxication'' [11] . These studies have contributed to the implementation of work hour limits for clinicians in training [6] [7] [8] [9] [10] [11] [12] [13] [14] .
The approach selected by Maltese and colleagues is innovative given the focus on the measurement of cognitive performance, which might be a marker for ''near misses,''
instead of actual incidents. This is a crucial shift in the management of human errors. They did not seek to determine how many errors were attributable to night work, but rather focused on what can be modified in efforts to prevent errors, and in whom. In this regard, the authors' two key results are that the cognitive abilities of ICU physicians consistently decreased after a night shift, and that these effects were similar among residents and attending physicians. An additional important finding is that, contrary to prior belief, a few hours of sleep at night do not improve most categories of cognitive performance.
This approach contributes to the underlying science by suggesting possible mechanisms of human error, but also has limitations. Specifically, degradations in psychomotor performance are not the same as degradations in clinical skill. And even degradations in clinical skill do not neatly translate into demonstrable patient harm. This is particularly true in the context of critical care delivery, in which the multidisciplinary and team-based approach to care may mitigate any impact of an individual's worsened psychomotor performance on patients.
Thus, the current study contrasts, for example, with the recent study by Parshuram and colleagues [15] evaluating the effects of three resident schedules in the ICU on patient safety, resident well-being, and continuity of care. This study showed no effects of residents' schedules on adverse events, residents' sleepiness in the daytime or at night, or patient mortality. The finding that residents' somatic symptoms were more severe and more frequent with longer schedules, and ICU staff rated residents' knowledge and decision-making as worse with an intermediate schedule, suggests that such intermediate endpoints may not translate into clinical events.
Also relevant to the current work are the several studies showing that as long as there are some physicians in the ICU at night (even trainees), patient outcomes are not improved by adding more (better rested) physicians or more senior physicians [12] [13] [14] . The fact that adding rested physicians does not clearly improve upon the care that tired physicians are providing suggests that degradations in cognitive and psychomotor performance may not directly translate into patient harm in the context of team-based ICU care.
In conclusion, human factors research in the complex health care system is poorly utilized and understood. Qualitative analysis of possible human errors and near misses might improve quality of care delivery and patient safety. We still have much to learn about how best to structure teams and schedules to deliver critical care in ways that best promote patient-centered outcomes. Night shifts are likely to remain an essential component of critical care delivery, and describing the impact of sleep deprivation on clinicians' performance is essential to design safer health systems. However, work along the spectrum of science, from human factors all the way to outcomes assessment, will be crucial in achieving this important goal.
